Introduction
emergence from their gravel nests and mature at two years old, occupy a more derived position in the evolutionary tree of Oncorhynchus than various species of Pacific basin trout that may be permanent residents of fresh water (Smith and Stearley 1989; Crête-Lafrenière et al. 2012) . Notwithstanding this broad evolutionary pattern, many species show considerable variability in their expression of anadromy. Perhaps the best natural examples of such variability involve Sockeye Salmon and Kokanee, the anadromous and freshwater-resident forms of O. nerka (Ricker 1940) or Steelhead Trout and Rainbow Trout, the anadromous and non-anadromous forms of O. mykiss (Behnke 2002; Quinn 2011) . In addition, Pink Salmon, Coho Salmon (O. kisutch), and Chinook Salmon (O. tshawytscha) have all established non-anadromous, but migratory, populations after introduction from their native range in the Pacific basin to the Great Lakes basin and, in the case of some Chinook Salmon, when introduced to New Zealand (McDowell 1990) . In the case of Chinook Salmon, occasional reports of precocial maturation of male salmon, i.e., before migration to the sea, have been reported both in experimental and natural Pacific basin populations (Gebhards 1960; Taylor 1989 ). There have also been a few scattered reports of "residual" Coho Salmon (i.e., fish derived from anadromous parents that do not migrate to sea) in North America (e.g., Foerster and Ricker Evidence for Freshwater Residualism in Coho Salmon, Oncorhynchus kisutch, From a Watershed on the North Coast of British Columbia 1953; Rousenfell 1958) and Asia (Berg 1948; Schmidt 1950) . These residuals matured at varying rates and included both males and females, but no self-sustaining freshwater-resident populations in the native range of Coho Salmon are known. The phenomenon, however, appears to be very rare given that in British Columbia alone Coho Salmon are thought to comprise over 1300 populations spawning in about 300 streams (McPhail 2007; Quinn 2011) .
In this paper, we report the occurrence of an apparently robust population of freshwater-resident Coho Salmon including both males and females and describe aspects of their life history inferred from analysis of growth patterns in scales and diets. The occurrence of freshwater-resident life history types of Coho Salmon adds further complexity to the design of conservation strategies to best represent biodiversity within this important species (e.g., Allendorf et al. 1997; Irvine and Fraser 2008; Taylor et al. 2011) .
Study Area
Fishes were collected from a total of six lakes in west central British Columbia (Table 1) as part of a comprehensive biological and limnological sampling program to assess possible environmental impacts of the modernizing of a nearby aluminum smelter and associated increased sulphur dioxide emissions (ESSA Technologies Ltd. 2015). All the lakes were small, ranging from 2.3 to 10.3 ha in surface area (Table 1) . Lak034 is just north of Terrace, British Columbia, while all other lakes are south of Terrace (Figure 1 ). All lakes have intermittent outlets that drain ultimately to the Skeena River drainage. End Lake and West Lake have no inlets and most inflow to the lakes likely comes from groundwater sources. End Lake was connected to Little End Lake by a common outlet channel that was 1 m deep and 2 m wide and edged with floating bog over its entire length. Water exchange between the two lakes is probably minimal, but fish can move between the lakes.
Methods
Fish sampling occurred during 7-11 October 2013 and 5-8 October 2015 when surface water temperature was in the range of 9.7-11.5°C and 8.3-11.2°C, respectively. This was close to the optimal temperature for gill netting as estimated by Ward et al. (2012) . Four nets were used in each lake; two were sinking Resource Inventory Committee (RIC) standard gill nets (RIC 1997) , 91.2 m long and 2.4 m deep with six panels of different mesh sizes (25, 89, 51, 76, 38 , and 64 mm stretched mesh). The other two were sinking fine mesh gill nets, 12.4 m long and 1.8 m deep with four equal length panels of different mesh sizes (12.5, 19, 16, 25 mm stretched mesh). The fine mesh was uncoloured monofilament, <0.13 mm for the three smallest meshes and 0.18 mm for the largest mesh size. The fine mesh nets were used to target small fishes and the RIC nets were used to target larger fishes. All nets were installed in late afternoon and recovered the following morning in littoral areas 1.5-6 m deep. The characteristics of each net set were recorded on a field form at the time of sampling (lake, unique set code, date, start and end time, geo-coordinates). Each fish captured was identified with lake number, date, unique set code, mesh size where the capture occurred, unique fish code, species code, and scale number. Each fish was also TABLE 1. Lake names and characteristics sampled in 2013 and 2015. Also shown are the fork lengths, ages, and maturity status of Coho Salmon (Oncorhynchus kisutch) captured in five of the lakes. Maturity represents the presence ("Yes") or absence ("No") of mature fish within that age class. The "+" accompanying the age in years indicates that the fish is of an age somewhat older than the year listed. For instance, a 0+ fish is in its first year of life and a 1+ fish is estimated to be in its second year of life. measured to the nearest 0.1 cm (fork length), and weighed to the nearest g on an Ohaus Scout Pro SP4001 (Dundas, Ontario, Canada) top loading balance. Otoliths were removed from the head of each fish and scales were removed from a location between the posterior end of the dorsal fin and the lateral line. Both were stored in labeled envelopes for later aging using the methodology of Ward and Slaney (1988) . For the 338 THE CANADIAN FIELD-NATURALIST Vol. 130 FIGURE 1. Locations of lakes sampled for fishes. The inset shows the study area within British Columbia, Canada.
Coho Salmon collected, maturity status was assessed after dissection and visual inspection of the abdominal cavity. Each fish was identified to species in the field using the dichotomous field keys (Trautman 1973; Phillips 1977; McPhail 2007) . Fish collected in 2013 and putatively identified in the field as Oncorhynchus spp. using the dichotomous keys above (n = 42) were also subject to DNA analysis to confirm identification. Here, four or five scales were taken and DNA was extracted using the Qiagen Blood and Tissue DNeasy extraction kits (Hilden, Germany) and kept at 4°C until analysis. The DNA was used in polymerase chain reaction (PCR) assays of variation at two loci that are diagnostic for differences among Coho and Chinook Salmon and Rainbow Trout (Greig et al. 2002; Ward et al. 2005) . The first test is for a difference in the Growth Hormone-2 (GH-2) intron and each species DNA fragment is a different size. Coho Salmon have GH-2 alleles that are less than 120 base pairs (bp) and typically 112-114 bp in size, while Chinook Salmon and Rainbow Trout (O. mykiss) are characterized by 120 and 124 base pair alleles, respectively (Greig et al. 2002) . Differences among species in GH-2 were resolved using electrophoresis (DNA fragment size fractionation) and laser detection after PCR with fluorescently-labelled primers using the methodology outlined by Greig et al. (2002) . These differences are reported as fragments of different size (in base pairs) after electrophoresis on a BeckmanCoulter CEQ 8000 automated genotyper (Brea, California, USA). The species-specific differences have been verified by assaying Oncorhynchus from across the Pacific basin, including British Columbia (Greig et al. 2002) .
The second test was conducted on only a subset of fish (n = 9) and assayed sequence differences in the mitochondrial DNA cytochrome oxidase I (CO1) gene that is the standard animal "barcoding" gene (Ward et al. 2005) . A portion of the CO1 gene (~650 base pairs in length) was amplified from genomic DNA extracts using PCR and the materials and methodology described by Blanchfield et al. (2014) . The amplified fragment was sequenced at the Nucleic Acid and Protein Service at the University of British Columbia. To identify the sequences taxonomically, the 'Identification' module of Barcode of Life Database Systems (BOLD -SYSTEMS, http://www.boldsystems.org/, Ratnasingham and Hebert 2007) was used to calculate Kimura 2 parameter (K2P) genetic distances and clustered these by Neighbor-joining (NJ) tree analysis and provide a visual representation sequence identity against BOLD databases (Hubert et al. 2008) . The sequence was also submitted to the BLASTn search engine of GenBank using the "nucleotide blast" program against the nucleotide collection (nr/nt) database (http://www.ncbi.nlm .nih.gov/BLAST). For all sequences, genetic identity scores (GIS) and E-values are reported. The GIS is the percentage of aligned nucleotide sites that are the same between the unknown sample and the genetic database samples. The E-value describes the number of different sequence alignments with matching scores equal to or greater than that observed and that is expected to occur in a database search by chance; the lower the E-value (to a minimum of 0), the more significant is the observed match.
Results
In 2013, four species were found in the West, End, and Little End lakes. Both Little End Lake and End Lake had Coastal Cutthroat Trout (Oncorhynchus clarkii clarkii), Coho Salmon, and Dolly Varden char (Salvelinus malma) whereas West Lake only had fish putatively identified as Coho Salmon and Threespine Stickleback (Gasterosteus aculeatus). Smaller salmonids resembled typical Coho Salmon with obvious parr marks and falcate (sickle-shaped) anal fins with black and sometimes white trailing edges (McPhail 2007) . Larger individuals (up to 36.0 cm fork length) had anal fins that were longer than the fin ray base indicating that these unknown Oncorhynchus were not Coastal Cutthroat Trout or Rainbow Trout. In fact, they superficially resembled Kokanee (non-anadromous Sockeye Salmon, O. nerka); they were "silvery" in overall colouration and had clear anal fins, deciduous scales, no visible parr marks, and only very faint spotting on tails (McPhail 2007) . Their generally stout and small number (~16-26) of gill rakers, however, strongly suggested that they were not Koka nee/Sockeye Salmon (gill raker counts generally >30). The branchiostegal ray counts (~11-15) also suggested that these fish were not Chinook Salmon (13-19) and, in fact, were morphologically similar to Coho Salmon.
After molecular analyses, all 42 Oncorhynchus were positively identified as Coho Salmon, O. kisutch, as they all had the GH-2 alleles that were less than 120 base pairs (bp) and most were 112-114 bp in size. Chinook Salmon and Rainbow Trout are characterized by 120 and 124 bp alleles, respectively. The first nine fish (nos. 1-9) were also assayed at the CO1 gene and all sequences were positively identified as Coho Salmon using the GENBANK database (% identity = 92-99%, E-values all zero) as well as the BOLD identification en gine with 100% placement accuracy.
The Coho Salmon sampled in 2013 ranged in fork length from 11.9 to 36.2 cm across the three lakes, and were generally larger and older in West Lake than in End Lake and Little End Lake (Table 1) . A few age-0 and age-1 Coho Salmon were captured but, in general, smaller and younger salmonids were not present in the samples from any of the lakes. Thirteen of the fish were maturing as indicated by enlarged gonads (Figure 2 ) and all were from West Lake; there were 12 males and one female. All mature fish from West Lake were at least 29.0 cm in fork length and were aged four and five years old, compared to average fork lengths of 26.7 cm (± 5.0 cm and 3.0+ yr (range 1+ to 5+), respec-tively in the lake. Coho Salmon from Little End and End lakes were smaller (mean ± SD = 20.6 ± 4.5 cm, n = 22, and 18.3 ± 4.2 cm, n = 12, respectively) and younger (1.4 yr +, range 0+ to 3+, and 1.3 yr +, range 0+ to 3+) than those of West Lake.
In 2015, six fish species were collected in Lak007, three in Lak016, and two in Lak034. Using the morphological characters that were validated with genetic analysis in 2013, Coastal Cutthroat Trout were found in all three lakes, while Lak007 and Lak016 also had Coho Salmon and Dolly Varden char, but Lak034 had only Coastal Cutthroat Trout and Threespine Stickleback. Chinook Salmon, Rainbow Trout, and Prickly Sculpin (Cottus asper) were also found in Lak007. The three Coho Salmon captured from Lak016 in 2015 were also large, all exceeded 34.0 cm fork length (mean = 35.0 ± 8.0 cm, were 3+ to 4+ in age, and all were mature females (Table 1) . Coho Salmon captured in Lak007 were smaller (mean = 18.8 ± 2.0 cm, n = 7) and younger (all ages were 0+ to 1+, n = 6) than those in Lak016 and all were immature (Table 1) .
Discussion
The presence of large, mature fish that have not migrated to the ocean is a very uncommon observation for Coho Salmon in their native range, especially for females. We did not have the opportunity to examine the otoliths of the mature fish that we encountered to see if microchemistry signals in these otoliths indicated a lack of migration to the sea (e.g., see Zimmerman 2005) and future studies should endeavour to seek such confirmation. It is, however, highly unlikely that the mature Coho Salmon we found had ever been to sea. First, only End Lake had any perceptible outlet draining the lake during the normal anadromous migration time of Coho Salmon. The area downstream of the lakes is flat relief marsh habitat with no defined stream channels. Salmon, therefore, likely only have opportunistic access to the lakes from the anadromous portions of the Skeena River drainage (i.e., during high water events). Although End Lake has a defined outlet, it quickly transforms into marsh-like habitat within forest cover and no clear stream channel downstream of the outlet. Second, while Coho Salmon may mature as precocial "jack" males after only approximately six months at sea, these fish are typically 2+ in total age (e.g., Foerster and Ricker 1953; Sandercock 1991) whereas the mature fish we found were 3+ to 5+ years old. Finally, "jack" Coho Salmon are exclusively male (Sandercock 1991 ), yet we observed four mature female Coho Salmon in the two lakes.
Coho Salmon rearing in lakes as age-0+ fish is relatively common, but their size in the autumn of their first year is rarely greater than 100 mm and most emigrate to the ocean as age-1+ smolts at sizes of less than 200 mm (Sandercock 1991; Irvine and Johnston 1992) . The age-0+ Coho Salmon in the lakes that we sampled appear to resemble other lake-dwelling Coho Salmon, i.e., that have duller fin colours and less falcate anal fins than their stream-dwelling counterparts (Swain and Holtby 1989) . Lake-dwelling Coho Salmon were also found to be less aggressive than stream-dwelling Coho Salmon, which is likely a result of decreased territorial and station-holding behaviour in lake environments (Swain and Holtby 1989) .
The mature Coho Salmon captured in 2013 were all from West Lake and only one of these fish was a female. The three mature fish captured from Lake016 in 2015 were all female. The differences between lakes in the apparent sex ratio of mature Coho Salmon is likely a result of low sample sizes and not any kind of sex-bias in freshwater maturation as reported in other salmonids (e.g., Myers et al. 1986; Taylor 1989) . In the latter species, precocial maturation of largely male fish has been suggested to result from sex-related differences in the tradeoffs between the benefits of seaward migration to exploit higher growth opportunities in marine environments and its relationship to increased fecundity in females versus the presumably much lower relative benefit for sperm production in males . By contrast, the mature Coho Salmon that we observed apparently had no opportunity to migrate to sea during the period 2013-2015.
Non-anadromous Coho Salmon populations are common in the Great Lakes, where they were first introduced in the 1960s (Sandercock 1991; Rand and Stewart 1998) , which indicates that there is no physiological reason that Coho Salmon must migrate to the ocean to mature. Maturation of non-andromous Chinook Salmon males across their native range is common (e.g., Gebhards 1960; Taylor 1989; Foote et al. 1991; Johnson et al. 2012 ), but observations of non-anadromous Coho Salmon maturation within their native range are rare (Foerster and Ricker 1953) . The observation of mature male and female Coho Salmon in two lakes is interesting because it suggests that coastal populations may include some individuals that do not migrate to sea and may mature and reproduce in fresh water. The degree to which such freshwater-resident forms may be reproductively-isolated from sympatric anadromous forms is a question that has been addressed in several other species of salmonid fishes (e.g., Foote et al. 1989; Verspoor and Cole 1989) . The existence of sympatric and reproductively-isolated populations within a taxon is increasingly recognized as an important component of conservation planning (Taylor 1999; Wood et al. 2008) . Alternatively, the mature Coho Salmon may simply have been a response to an ephemeral restriction in the opportunity to migrate seaward owing to low water levels in the spring when Coho Salmon typically migrate to sea after 1-2 years in fresh water (Sandercock 1991) . For instance, plasticity in the timing of migration to the sea by smolts as a response to minor freshets has been noted in some populations (Irvine and Ward 1989) .
Interestingly, we detected very few age-0+ Coho Salmon in the lakes that we sampled despite using fine 340 THE CANADIAN FIELD-NATURALIST Vol. 130 et al. 2007 ). Consequently, we should have detected more young Coho Salmon if they were common. The absence of age 0+ Coho Salmon in the lakes raises two possibilities. First, if Coho Salmon do spawn as freshwater residents in these systems (e.g., on submerged beaches), perhaps survival of lake-spawned fish is very low or they enter tributary streams for a year or more before re-entering the lakes. Alternatively, perhaps young Coho Salmon result from spawning in tributary streams and they spend the first year or two of life in these streams before entering the lakes. These lakes, however, are at the edge of a flat gravel plateau and examination of air photos and the 1:20000 provincial watershed atlas suggests that inlet tributary streams are rare and although all lakes have outlet streams and some have second order tributary that enter these outlets, access to these lakes may be limited by drought or beaver dams from time to time. On balance, therefore, it appears most likely that it is intermittent access to lakes from tributary streams that results in episodic occurrence of mature Coho Salmon in the lakes. Regardless of the unknown aspects of the reproductive juvenile ecology of the lake-dwelling Coho Salmon that we have observed, the reproductive plasticity that it represents may be an important aspect of the life history repertoire of Coho Salmon that promotes their persistence in variable and unpredictable environments (Hutchings 2004; Chevin et al. 2010) .
